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ABSTRACT 
The disastrous consequences of the partial collapse of the Ronan Point 
apartment in 1968 and Northridge earthquake in 1994, exposed the vulnerability of 
steel moment frames subjected to extreme loading. The reports of these two 
catastrophic events revealed the significant role of beam to column connection where 
the damage was mainly formed in this area. In this research, the performance of 
three different steel beam to column connections known as SidePlate, reduced beam 
section (RBS) and a new proposed “saddlebag” connection subjected to cyclic and 
progressive collapse experimentally and numerically were investigated. The main 
objective of this research was to evaluate the adequacy of the new proposed 
connection to resist extreme loading compared to SidePlate and RBS. Seismic 
performance evaluation was focused on the interstory drift angles based on 2010 
AISC seismic provisions. In the other hand, investigation of progressive collapse 
was associated with satisfaction of acceptance criteria by rotational capacities of the 
connections provided in UFC 4-023-03 guideline. The results indicated that the new 
proposed connection was capable of achieving adequate rotational capacity of 0.2 
radians, two times bigger than acceptance criteria, and developing full inelastic 
capacity of the connecting beams during the progressive collapse analysis. In 
addition, an excellent cyclic performance was demonstrated by the proposed 
connection as plastic hinges only appeared in the connected beams at the interstory 
drift angle of 0.06 radians, 1.5 times bigger than acceptance criteria. The seismic 
assessment also revealed that the proposed saddlebag connection possess adequate 
energy dissipation capacity attained by stable hysteretic behaviour into the inelastic 
range. The study also concluded that SidePlate provide adequate performance as it 
develop 0.2 radians of plastic hinge rotation angle and 0.06 radians of interstory drift 
angle  to resist progressive collapse and cyclic loading respectively. However, RBS 
connection showed vulnerable performance to resist seismic and progressive 







Akibat bencana, keruntuhan sebahagian daripada apartmen Ronan Point pada tahun 
1968 dan gempa bumi Northridge pada tahun 1994, mendedahkan kelemahan kerangka 
keluli di bawah tindakan bebanan melampau. Laporan kedua-dua peristiwa bencana 
mendedahkan peranan penting sambungan rasuk tiang di mana kerosakan adalah sebahagian 
besarnya terbentuk di kawasan ini. Dalam kajian ini, prestasi tiga sambungan keluli yang 
berbeza bagi rasuk ke tiang dikenali sebagai SidePlate, mengurangkan keratan rasuk 
dikecilkan (reduced beam section-RBS) dan cadangan baru "saddlebag" di bawah tindakan 
keruntuhan kitaran dan progresif secara ujian dan berangka telah disiasat. Objektif utama 
kajian ini adalah untuk menilai kecukupan sambungan baru yang dicadangkan untuk 
menahan beban yang melampau berbanding SidePlate dan RBS. Penilaian prestasi seismik 
telah memberi tumpuan kepada sudut putaran antara tingkat berdasarkan peruntukan garis 
panduan seismic 2010. Di sudut lain, penyiasatan keruntuhan progresif dikaitkan dengan 
kriteria penerimaan yang memuaskan oleh keupayaan putaran sambungan yang 
diperuntukkan dalam garis panduan UFC 4-023-03. Keputusan menunjukkan bahawa 
sambungan baru yang dicadangkan mampu mencapai kapasiti putaran mencukupi 0.2 radian, 
dua kali lebih besar daripada kriteria yang boleh diterima, dan memberikan keupayan tak-
anjal penuh rasuk sambungan di dalam analisis keruntuhan progresif. Di samping itu, 
prestasi kitaran yang sangat baik telah ditunjukkan oleh sambungan “saddlebag” itu di mana 
engsel plastik hanya terjadi dalam rasuk yang tersambung pada sudut putaran 0.06 radian, 
1.5 kali lebih besar daripada kriteria penerimaan. Penilaian seismik juga mendapati bahawa 
sambungan “saddlebag” yang dicadangkan mempunyai keupayaan pelesapan tenaga yang 
mencukupi dicapai oleh kelakunan hysteretic yang stabil. Kajian ini juga merumuskan 
bahawa SidePlate memberikan prestasi yang mencukupi kerana ia memberikan sudut 
putaran ensel plastik 0.2 radian dan 0.06 radian sudut putaran sambungan untuk merintangi 
keruntuhan progresif dan beban  kitaran masing-masing. Walau bagaimanapun, sambungan 
RBS menunjukkan prestasi terendah untuk menanggung beban seismik dan progresif runtuh 
di mana tegasan tegangan terutamanya muncul di kimpalan alur. 
 
 
